Ion traps offer a way to determine nuclear binding energies through atomic mass measurements with a high accuracy and they are routinely used to provide isotopically or even isomerically pure beams of short-living ions for post-trap decay spectroscopy experiments. In this review, different ion-trapping techniques and progresses in recent nuclear physics experiments employing low-energy ion traps are discussed. The main focus in this review is on the benefit of recent high accuracy mass measurements to solve some key problems in physics related to nuclear structure, nuclear astrophysics as well as neutrinos. Also, several cases of decay spectroscopy experiments utilizing trap-purified ion samples are summarized.
M =N × m n + Z × m p + Z × m e − (B atom + B nucleus ) /c 2 ,(1)
18
where N and Z are the neutron and proton number and Some examples of differentials and their typically re-46 quired accuracies are given in Table 1 together with re-47 lated key physics topics.
48
In this review, we wish to introduce the newest devel-49 opments in ion trapping techniques for nuclear physics.
50
The emphasis in the review is in the use of Penning- Physics motivation Accuracy Nuclear structure Global correlations a few 100 keV Local correlations ≤ 10 keV Evolution of shell structure, pairing and collectivity ≤ 10 keV Drip-line phenomena, halos, isomers ≈ 1 keV Nuclear astrophysics ≥ 1 keV Charge symmetry in nuclei ≤ 1 keV Fundamental symmetries Tests of the Standard Model ≤ 100 eV β decay and electroweak interaction ≤ 100 eV CVC theory and the unitarity of the CKM matrix ≤ 100 eV Double β decay 10 -1000 eV Neutrino mass and mass hierarchy problem 100 eV trap technique for high-precision mass measurements as since the decay occurs nearly at rest and in free space,
145
the kinematics can be reconstructed rather accurately.
146
In a β decay, the neutrino will go undetected but the 
164 where q and m are the charge and mass of the particle , respectively). With both configurations a quadrupolar electric potential can be formed. In both cases additional compensation (correction) electrodes are needed to correct for the truncation of electrodes and unideal geometry. Some components have been stripped for clarity.
in two spatial directions. To achieve full confinement,
169
a quadrupolar electrostatic potential is added in order
170
to restrict ion movement along the magnetic field axis.
171
Commonly hyperbolic or cylindrical electrodes are used 172 as illustrated in Fig. 3 .
173
With an added quadrupolar electrostatic potential, the 174 ion will exhibit axial motion with frequency
and two radial motions with frequencies
178
The axial motion with frequency ν z along the magnetic 
227
where r is the daughter/parent ions' frequency ratio r = . This factor also reflects consequently, the resonance becomes less pronounced.
283
With measurements of short-living nuclei, also the half-
284
life imposes a limit to the excitation time.
285
Precision boosting methods (see Fig. 3 Sn have been performed [53, 72, 73, 76, 80] .
582
These nuclei are also important not only for studying the 583 evolution of the Z = 50 and N = 82 shell-gap energies 584 but also for modeling the astrophysical r process [81] .
585
Secondly, the evolution of N = 28 and N = 32 shell clo- are known with a precision better than 10 keV (dark grey), worse than 10 keV (light grey) or have extrapolated mass values (cyan) are also shown. The average two-proton and two-neutron driplines from the energy-density functional calculations are plotted in purple [77] . The crosses highlight the most neutron-rich isotopes whose half-lives have been measured recently at RIKEN [78, 79] . A 100-ms contour for half-lives of neutron-rich isotopes (red line) and contours for calculated 1-µb and 1-mb 238 U(p 25 MeV,f) fission cross sections are also shown (black lines). Table 3 ). Most der to obtain a better understanding for example on the 720 astrophysical rapid neutron capture process.
721
In the third region of interest, from Hg (Z=80) to tained by using the following formula: and higher-lying orbitals. As shown in Fig. 13 proton levels deriving from the g 9/2 single-particle level.
823
Interaction between the relevant neutron and proton or- In the following chapters, two-neutron separation en- As shown in the previous discussion and in Fig. 13 [27] with the PI-ICR technique or 10 
Isobaric Multiplet Mass Equation

1016
Assuming nuclear force is charge-independent, the 1017 masses of the members of an isobaric multiplet should show a quadratic behaviour:
where T is the isospin, T Z the isospin projection and
1021
M(A, T, T Z ) is the mass of the isobaric analogue state
1022
(IAS) of the T Z member in the T isobaric multiplet. The
1023
Eq. (9) Mg showed a breakdown of the IMME Pd isomer is shown in Fig. 21 .
1127
The decay of this isomer is featured by electron peaks 1128 due to two converted transitions at 34.5 and 168.6 keV.
1129
The corresponding K conversion lines at 9 and 143 keV 
